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GA3 promotes the synthesis and release of hydrolases by barley aleurone layers and ABA counteracts the effects of GA3 (21) . Although the effects of ABA on synthesis of hydrolases in barley aleurone layers have been well described, there have been no published reports ofexperiments dealing with uptake, localization, and metabolism of ABA by this tissue. This report describes such experiments and, in addition, compares the effects of ABA with one of its metabolites, DPA, on the development of a-amylase activity in aleurone layers as well as on germination of seeds and growth of seedlings. A preliminary report on certain aspects of the present work has appeared (3).
MATERIALS AND METHODS
Preparation of Aleurone Layers. Hordeum vulgare, cv. 'Himalaya,' seeds (1972 and 1974 crop, Washington State University, Pullman) were deembryonated and converted to half-seeds (1).
Half-seeds were treated with 10 to 20% Clorox for 15 min and then rinsed with 500 ml sterile water. Half-seeds were incubated on sterile sand or on a double layer of Whatman No. I filter paper in Petri dishes wrapped with aluminum foil for 3 to 4 days at 22 C. Aleurone layers were removed from the half-seeds and incubated ' 3To whom reprint requests should be sent.
as described in subsequent sections. ABA Metabolism. Twenty aleurone layers were incubated in 1.4 ml of solution containing 10 mm CaCl2, 2 mm Na-acetate buffer (pH 5.0), 70 ytg chloramphenicol, 1.38 x 105 dpm S-[14C]-ABA or R-[14C]ABA and ±1 ,UM GA3. The solutions were contained in 25-ml Erlenmeyer flasks which were shaken in the dark at 26 C in a Dubnoff metabolic incubator at setting 6. Starchy endosperm from 15 aleurone layers were treated in the same way except that 1.8 x 105 dpm RS-[14CJABA was used in the incubation. The layers were rinsed several times with incubation medium and aliquots of the medium plus rinsings were taken to determine total ABA uptake. The layers or endosperm were homogenized in 90%o methanol with a mortar and pestle. The homogenate was filtered and the residue reground with 90%o methanol and then extracted with 90o ethanol at 60 C for 1 min. The combined filtrates were taken to dryness in vacuo at 35 C. The residue was taken up in a small volume of methanol and spotted onto 0.25-mm-thick Merck precoated Silica Gel F-254 TLC plates. The plates were developed in benzene-butanol-acetic acid (70:25:5) or chloroform-methanol-acetic acid-water (40:15:3:2). Radioactivity was located by autoradiography; the silica gel was scraped from the plate and eluted with 90% ethanol. Radioactivity was estimated by scintillation counting using a 10-ml solution of toluene-Triton X-100 (2:1) containing 4 g/l Omnifluor (New England Nuclear). SubceOlular Localization. Thirty aleurone layers were incubated in 3 ml of solution containing 10 mm CaCl2, 2 mm Na-acetate buffer (pH 5.0), 150 ,ug chloramphenicol, 1.1 x 106 dpm RS-[3H]ABA (22 Ci/mmol), 5 ylM RS-ABA, and ±1 m GA3. The layers were shaken in 25-ml Erlenmeyer flasks as previously described for varying periods of time. After incubation, layers were rinsed with cold incubation medium lacking ABA. The medium and washes were combined and aliquots taken to determine uptake.
The rinsed layers were chopped with a razor blade and then ground with a mortar and pestle in 2 ml of solution containing (pH 7.4) 50 mm Tris-HCL 0.4 M sucrose, 1 mm MgCl2, 10 mm KCI, and 1 mM DTT. The homogenate was filtered through Miracloth and the residue reground in 1 ml of the same solution. The combined filtrates were centrifuged at 750 or 1,000g for 10 min, and the supernatants at 12,000g for 20 min. The resultant supernatants were either centrifuged at 38,000g for 90 min or 200,000g for 40 min. The pellets from each of the centrifugations were resuspended in 3 ml homogenization medium and repelleted under the original conditions. The pellets from the second centrifugation were resuspended in 1 ml 1% Triton X-100 and counted. Aliquots of the 38,000 or 200,000g supernatants were also counted and the remainder acidified to pH 2.5 and extracted with 1- butanol. The butanol-extracted material was chromatographed on TLC plates as described under ABA metabolism.
Assay of a-Amylase. Ten layers were incubated in 2 ml containing 20 mm Na-succinate buffer (pH 5.0), 100 mm CaCl2, 100 ,ug chloramphenicoL 20 nm GA3, and various concentrations of RS- GA3 ; following incubation layers rinsed with above solution lacking ABA; layers chopped with a razor blade and ground with a mortar and pestle in 2 ml solution containing pH 7.4 50 mM Tris-HCl, 0.4 M sucrose, 1 mM MgC12, 10 mM KC1 and 1 iM DTT; homogenate filtered through Miracloth and the residue re-ground in 1 ml of the same solution; combined filtrates centrifuged at 750 or 1,000 g 10 min and supernatants at 12,000 g 20 min; 12,000 g supernatants centrifuged at 200,000 g 40 min; pellets from each centrifugation re-suspended in 3 ml homogenization medium and re-pelleted; final pellets re-suspended in 1 ml 1% Triton X-100 and counted; aliquots of 200,000 g supernatants also counted; distribution of radioactivity also determined at 4, 5, 11 and 15 hr; representative data of three experiments shown.
Fraction
Addendum Percent (11) . After removal of the apical 3-mm, 1-cm coleoptile sections were excised and the leaf rolls removed. Ten coleoptile sections were incubated in 5-cm Petri dishes in 4 ml either 5 mm (pH 6.0) Na-succinate buffer or 100 mm (pH 6.8) citric acid-200 mm Naphosphate (5), 10 mm IAA, and various concentrations of either ABA or DPA. Incubation was in the dark for 24 Giles and Myers (6) with calf thymus DNA (Schwarz/Mann, Orangeburg, N.Y.) serving as a standard. Since aleurone layers contain pentosans composed of xylose and arabinose (12) , D(+)-xylose and L(+)-arabinose were also assayed with diphenylamine, to insure that they did not interfere.
Chemicals. RS-[3HJABA (25) and [2-14C] ABA (19) Figure 2 shows that the DPA was completely converted to two compounds with chromatographic mobiities similar to those of Mxi and Mx2.
Biological Activity of ABA Metabolites. Tables II and III summarize the effects of ABA, PA, DPA-methyl ester, and epi-DPA-methyl ester on GA3-stimulated a-amylase activity in the medium at 37 and 48 h. Activity was enhanced 6.2-fold at 0.02 tLM GA3 by 37 h (Table II) (10) . The purification of the polar metabolites is the subject of a forthcoming paper (Singh and Walton, unpublished).
The results of the feeding experiments with R-[]4CJABA (Fig. IA) demonstrate that R-ABA can be metabolized by the same pathway as S-ABA, but at a slower rate (7) . We have tentatively concluded this previously (17) but the possibility that the apparent R-ABA metabolism was due to contaminating S-ABA could not be excluded. In these experiments 70%o of the total [14C]ABA fed was metabolized. Since there is less than 5% S-ABA in the R-ABA (17) , it is clear that the bulk of the ABA metabolized was the R enantiomer.
The metabolism of labeled ABA appears to be tissue-specific since endosperm incubated under conditions identical to those used for layers did not metabolize ABA. Since the presence of GA3 is required to promote the synthesis and release of layer hydrolases, the possibility existed that ABA metabolism as well as localization and uptake differed for layers incubated with GA. While small quantitative differences (e.g. Table I ) were noted for layers incubated with and without GA3, the patterns observed for metabolism, localization, and uptake were similar.
Are PA and DPA Inactive Products of ABA Metabolism? The metabolism of ABA and PA is thought to inactivate hormone activity (15, 22) . Although Kriedemann et al. (13) reported that PA inhibited photosynthesis, this inhibition appears not to be due to PA but to a contaminant (16) . In the present work, PA obtained from bean embryos (20) inhibited activity of a-amylase from layers incubated 48 h (Table III) . PA appears to be at least as effective as ABA (compare 2 ,LM PA and ABA, Table III ). Ho (personal communication) has shown that PA inhibits 3S incorporation into certain barley aleurone layer polypeptides separated by SDS-polyacrylamide gel electrophoresis. PA appears to be more active than ABA in this system. While abscission in the excised nodes of cotton seedlings is accelerated by PA, its activity is only Ylo that of ABA (4) . In addition, PA possessed only about 0.5% of the ABA growth inhibitory activity in the wheat embryo germination assay (14) .
DPA-methyl ester also inhibited a-amylase activity in layers incubated either 37 or 48 h (Tables II and III Table   III ), the ester was less so at 37 h. Since DPA-methyl ester was converted to DPA we do not know which of these species was responsible for the inhibition. Walton and Sondheimer (24) noted that DPA inhibited increase in fresh weight of excised bean axes by only 6%. DPA did not impair lettuce seed germination or elongation of barley roots and coleoptiles (Table IV) and corn coleoptiles. Whereas DPA does not appear to be a general inhibitor ofgermination and elongation, it may inhibit a-amylase synthesis. This suggests that DPA may preferentially inhibit some enzyme synthesis without impairing growth or its related processes. Assay of other enzymes, e.g. endomannase (8, 9) , in systems where DPA does not impair germination or elongation are required to support this suggestion. In as much as we have not crystallized either PA or DPA, the possibility that we are dealing with the effects of contaminants cannot be excluded.
